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High variability phonetic training (HVPT) has been shown to be effective in improving
learners’ perception of L2 phonetic categories (e.g., Thomson, 2018; Uchihara et al.,
2025). While various characteristics that impact the effectiveness of training have been
explored, it is unclear whether and how much explicit information/instruction (EI) is
provided with training despite evidence that explicit information and/or phonetic
instruction positively impact pronunciation learning (e.g., Saito, 2013). To better
understand the extent to which EI is used in training and what its characteristics are, a
systematic review of the methods used in HVPT literature was conducted. Results
indicate that studies pairing EI with HVPT are few, and the characteristics of EI in them
are non-systematic. This study adds transparency to the growing literature on HVPT
while highlighting the need for diversifying HVPT methods to find those that are most
effective.

INTRODUCTION

High variability phonetic training (HVPT) has been shown to be effective in improving learners’
perception of second language (L2) phonetic categories (e.g., Barriuso & Hayes-Harb, 2018;
Thomson, 2018; Uchihara et al., 2025), and a variety of potential moderators that impact training
effectiveness (e.g., number of talkers, length of treatment, amount/type of feedback) have been
explored. However, despite evidence for positive effects on L2 production related to the
provision of phonetic information (Sakai & Moorman, 2018; Uchihara et al., 2024), what is
under-investigated is whether and Zow explicit information/instruction (EI) is provided along
with training. This is a critical oversight given EI has been shown to positively impact L2
pronunciation learning (e.g., Saito, 2013). Taken together with evidence that effects of L.2
perceptual training may be transferable to production (Sakai & Moorman, 2018), this gap leaves
the question of whether the link between perceptual training, such as HVPT, and production may
be moderated by provision of EI. An important first step towards further investigation of this
interaction is to examine whether and how EI has been used in the HVPT literature. The current
review provides a report on the frequency of EI in previous HVPT study designs, the ways in
which it has been implemented, and a synthesis of the results of these studies. Having a better
understanding of EI use in HVPT will not only set the stage for direct investigation of its
moderating effects on perception, but also serves to optimize HVPT methods for replicability
and classroom implementation.

Models of L2 Speech Perception and HVPT

Perception of non-native speech sounds is a well-known difficulty of second language learning.
It is thought that this difficulty comes from the influence of the first language (L1) sound system.
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Distinct L2 sounds perceptually assimilated to a single L1 category are predicted to be less-easily
discriminated (Best & Tyler, 2007), and the formation of an L2 phonetic category is dependent
upon the degree of perceived similarity between an L1 and L2 sound (Flege & Bohn, 2021).
These sound categories can be defined by acoustic cues that listeners rely on perceptually to
distinguish them (e.g., voice onset time, formant frequencies). However, these cues are not rigid,
making speech variable along these dimensions when it is produced by different talkers and
when the sounds occur in different words. HVPT, a type of perceptual training that makes use of
this variability, has been shown to be effective at improving learners’ perception of non-native
speech sounds. In HVPT, learners are exposed to multiple instances of target sounds by being
presented in multiple, different voices and phonetic contexts. It is thought that this high input
variability allows learners to “tune in” to the cues relevant to distinguishing a contrast in the L2
and to “tune out” those that are not (i.e., those that come from variability; Barriuso & Hayes-
Harb, 2018).

Explicit Instruction and HVPT

El in L2 learning typically involves information about L1-L2 differences (McManus &
Marsden, 2017) or drawing attention to target structures (Akakura, 2012). In this review, EI is
defined as information given to participants prior to training that provides an explanation of L2
target sounds, information about L1-L2 differences, information promoting metalinguistic
awareness, or instructions that direct participants’ attention to target sounds. While corrective
feedback is a component of canonical HVPT, for the purpose of this review, it is not considered
EI as it occurs during training and only provides information about the correctness of
participants’ responses, rather than information about the target structures themselves. Practice
or familiarization trials that are conducted prior to training are considered EI if they include
explicit information about the target structures or include instructions to the participants to direct
their attention to them. In HVPT, it is often the case that reporting of training methods includes
detailed information about the stimuli and how it is presented, task procedures, and the corrective
feedback provided. It is typically less clear what instructions are given to the participants before
the beginning of the experiment, such as those described in Wong and Lam (2021). Prior to
training, they presented participants with a video introducing information to learners about
Cantonese tones (such as the names of the tones and pitch contours) along with instructions on
which tones to attend to during training (Wong & Lam, 2021, p. 2495). The learning conditions
described in these cases seem to be quite different, motivating the need for further investigation
of HVPT designs.

Research Question
The current study attempts to gain a clearer picture of the state of EI usage in HVPT studies for
L2 perception over the last 34 years by conducting a systematic review of the literature with the

following question in mind:

To what extent has EI been included in HVPT studies for L2 perception and what are its
characteristic features (e.g., label, type of information provided, and mode of delivery)?



METHOD

The entire list of included papers, search words, coding protocol, data, and analysis code are
available through the project’s OSF profile (https://osf.io/rgczy).

Literature Search

This study conducted a search of the HVPT L2 perception literature, including peer-reviewed
journal articles, book chapters with original, empirical data, and conference proceedings
published after the seminal HVPT study Logan et al. (1991) until July 2025. Searches were
conducted on reference lists from other HVPT reviews and meta-analyses (Barriuso & Hayes-
Harb, 2018; Thomson, 2018; Uchihara et al., 2025; Zhang et al., 2021), databases, and journals.
Databases included Linguistics and Language Behavior Abstracts (LLBA), PsycInfo, Education
Resources Information Center (ERIC), and PittCat (the University of Pittsburgh library catalog)
using keywords such as “high variability phonetic training,” “multi-talker training,” and
“computer-assisted pronunciation training.” The journal that most frequently appeared in these
searches was the Journal of the Acoustical Society of America (JASA), so all issues from 1991 to
2025 were searched. Finally, titles and abstracts from the Pronunciation in Second Language
Learning and Teaching (PSLLT) Conference Proceedings were manually searched. In total, 1866
papers were identified through these searches. After removing duplicate results and following the
defined inclusion and exclusion criteria (see below), a total of 159 eligible papers remained.
Finally, after a screening of titles and abstracts, 53 papers were included in the full-text
screening. Figure 1 outlines the literature search process.
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Inclusion and Exclusion Criteria

The inclusion and exclusion criteria were selected based on similar criteria used in Uchihara et
al.’s (2025) meta-analysis of HVPT literature. A paper was included if:
a. Participants were adults (over 18 years of age) with normal hearing;
b. Training was done on segmental and/or suprasegmental features of a second/foreign
language using the canonical HVPT paradigm:
e Stimuli were recorded by multiple talkers (> 1) and presented in multiple phonetic
contexts (> 1);
¢ An identification or discrimination task was used for training;
e Immediate corrective feedback was given on each trial;
c. Participants were tested using an identification or discrimination task;
d. The paper reported original empirical data, measures of perception following training,
and all necessary details of the training and testing methods.

Papers were excluded for reasons such as training on an L1 dialect or artificial language,
production training was provided with HVPT, only measures of production were reported,
participants were tested using an instrument other than an identification or discrimination task
(e.g., event-related potentials), the paper reported data that was originally reported in a previous
published paper, or the paper did not report methods of HVPT used with sufficient detail for
coding.

Coding

The coding variables used in this review (except for those pertaining to EI) were selected based
on those used in Sakai & Moorman’s (2018) review. Following screening, each of the 53 papers
was coded for information about the participant sample, HVPT methods used, whether EI was
included, and characteristics of EI if included. Each participant group in each paper was included
as one observation such that the group received HVPT training (i.e., low-variability, control
groups, or groups that received a different kind of training were not coded for). The participants
were coded for age, L1, and L2 proficiency. Training stimuli were coded for target language
(L2), whether the target was a segmental or suprasegmental feature, the number of talkers used
to record the stimuli, and whether the stimuli were natural or synthetic. The papers were also
coded for design (within-subjects, between-subjects, or both), inclusion of a control group, the
type of training and testing tasks used (identification or discrimination), the length of training
(total training hours, minutes per session, and number of sessions), where training took place
(e.g., lab, online, classroom), and the language context relative to participants (e.g., whether they
reside in the L2-speaking country).

Finally, to address the question of the extent to which EI is used with HVPT, each paper was
coded as “yes” or “no” for inclusion of EI. Papers coded as “yes,” were also coded for how the
EI was labeled, what information was included, and how it was delivered to the participants.
Terms such as “explicit information,” “explicit instructions,” or “instructions” were predicted to
be possible labels for EI in the papers and used for coding. Papers were coded as including
“articulatory information” when any description of the articulatory gestures involved in
producing the target sounds was given; as “acoustic information” when any description of the



acoustic features of the target sounds was given (e.g., duration, pitch, or formant frequencies);
and as “phonetics training” when a combination of articulatory and acoustic information was
given, or when all participants were currently enrolled in a phonetics course that included
instruction on the target structures. Papers were coded as “other” when the information did not
adhere precisely to any of the defined categories. Regarding the mode of delivery of EI to the
participants, papers were coded as “face-to-face” when the researcher(s) gave an oral explanation
to the participants; as “screen” when the EI was given in some written form, such as on the
screen of the computer used for training, or on paper; and as “video” when any kind of visual
delivery was described (e.g., a video of someone giving the information, or figures/diagrams
used along with audio or text). Coding decisions were made based on a coding protocol
reflective of these descriptions.

RESULTS

The Sample

Information about the sample of papers (specifically, experimental HVPT groups included across
all papers) as a result of coding is given in Table 1.

Table 1
Summary of Sample Characteristics
Characteristic Details
Participant L1 Japanese (15), English (10), Mandarin (6), Korean (5), Greek (4),

Sample mean age
Sample size

Target language

L2 proficiency/experience

Target sound

Target stimuli set size
Number of talkers
Training task

Test task

Spanish (2), French (2), Azerbaijani (2), Arabic (2), Malaysian
English (1), Malay (1), Dutch (1)

Also: Mixed L1 groups (2), Bilinguals (5)
M=23.72,SD =4.23, Range = 18-36
M=16.21, 5D = 10.94, Range = 2-86

English (36), Spanish (4), Mandarin (4), Japanese (3), Cantonese
(2), Thai (1), Hindi (1), Greek (1), French (1)

Proficiency reported: 22 papers

Beginner (7), Intermediate (9), Advanced (7)
Experience reported: 31 papers

Naive (8), Non-naive (23)

Consonant (22), Vowel (20), Tone (5), Consonant & vowel (3),
Length (2), Pitch accent (1), Stress (1)

M =5.62 (5-6 sounds), range = 1-18
M = 5.46 (56 talkers), range = 2-20
Identification (48), Discrimination (6), Both (3)
Identification (40), Discrimination (5), Both (8)




Length of training Total training hours: M = 5.01, SD = 4.22, range = 0.67-22.5
Number of training sessions:
M =8.8(8-9) (Mdn=17), SD = 6.65, range = 1-45
Minutes per session:
M =40.02 (Mdn = 30), SD = 25.6, range = 5-120

Note. Some counts (e.g., participant L1, L2 proficiency/experience, target sound) do not total 53 because some
papers included multiple experimental groups that differed in one of these variables. For example, while 22
papers reported proficiency there were 23 groups of participants in those papers.

Overall, the sample included participants with an average age of 23.72 years. The most
frequently occurring L1 was Japanese, followed by English. However, most participants were
from a non-English L1 background. This complements the finding that the target language of
most of these papers was English. The sounds targeted were most often consonants and vowels
(n =45). To a smaller extent, suprasegmental features such as tone, pitch accent, stress, and
length were targeted (n = 9). On average, 56 talkers were used to record the training stimuli.

Explicit Information/Instructions

In total, 11 of the 53 papers (roughly 21%) included used EI alongside training. Of these 11,
most did not assign any clear label to the information (Table 2). Only once was EI referred to as
“instructions” (Conover, 2023), and on four other occasions, labels other than what were
predicted were used. For example, one study referred to their EI as “articulatory explanations” or
“awareness session” (Cebrian & Cartlet, 2014). Other terms such as “description” (Tajima et al.,
2008), “introduction” (Lambacher et al., 2005), and “explanation” (Pruitt et al., 2006) were used.

Table 2
Distribution of EI Label Types
Label n Example
“Instructions” 1 Conover (2023)
None 6 Wong & Lam (2021)
Other 4 Cebrian & Cartlet (2014) “articulatory explanations”, “awareness session”

Tajima et al., (2008) “description”
Lambacher et al., (2005) “introduction”
Pruitt et al., (2006) “explanation”

Concerning the type of information included in EI, roughly half of the papers fell into a predicted
category (articulatory information, acoustic information, and phonetics training with two for
each). Others were not neatly categorized and were coded as “other” (Table 3). This included
information such as the function of the target sound in the target language (Shport, 2016), that
differences between the target sounds distinguish meanings (Dong et al., 2019), or instructions
were simply given to direct attention to the targets (Conover, 2023).



Table 3

Distribution of EI Information Types

Type n Paper
Acoustic 2 Qinetal., (2022)
Wong & Lam (2021)
Articulatory 2 Cebrian & Cartlet (2014)
Pruitt et al. (2006)
Phonetics 2 Fouz-Gonzalez & Mompean (2021)
training Yang et al., (2018)
Other 5 Conover (2023)

Dong et al., (2019)
Lambacher et al., (2005)
Shport (2016)

Tajima et al., (2008)

Under half of the 11 papers did not report how this information was given to participants. For
those that did, providing them face-to-face using an oral explanation was most common (n = 3),
followed by written instructions (n = 2), and one that used a video. This information is presented

in Table 4.
Table 4
Distribution of EI Mode of Delivery Types
Mode n Paper
Face-to-face 3 Cebrian & Cartlet (2014)

Screen/written 2

Video 1
Not reported 4

Fouz-Gonzalez & Mompean (2021)
Yang et al. (2018)

Conover (2023)
Qin et al. (2022)

Wong & Lam (2021)

Dong et al. (2019)
Lambacher et al. (2005)
Pruitt et al. (2006)
Shport (2016)

Tajima et al. (2008)




DISCUSSION AND CONCLUSION

This study sought to investigate the extent to which EI has been included in HVPT studies and
what its characteristics are. A review of HVPT literature of the past 34 years (1991-2025) was
conducted. Papers that investigated HVPT effects on L2 speech perception were collected and
coded for inclusion of EI, what it was called, what information it contained, and how it was
delivered. Results show that the extent to which EI has been included in HVPT studies is limited,
with only about 21% (n = 11) of the papers reporting some form of EI along with training.
Within those papers, EI was often unlabeled or inconsistently labeled, and the information
provided varied. Articulatory information, acoustic information, a combination of both, and other
information relating to L1-L2 differences or instructions for drawing attention to the target
sounds were all reported. Roughly half of the time, it went unreported how this information was
given (e.g., oral explanation or written explanations/instructions). Otherwise, face-to-face oral
explanation from the researcher was most common.

It is important to keep in mind that this review was limited to what was reported in these
published papers. Results from the coding of sample characteristics (such as participant
proficiency levels or length of training) reveal that some information surrounding the methods
used in these papers were not reported, leaving room for the possibility that EI was used in these
papers, but not reported.

These findings lead to the question of why EI is so infrequently paired with HVPT, despite
evidence supporting the effectiveness of explicit instruction in L2 learning (McManus &
Marsden, 2017). One possible explanation for this is that HVPT is thought to make relevant
acoustic cues to a sound contrast “explicitly perceptible” to the learners on its own because of
repeated and variable exposure, and further EI provided before training about the targets’
features may be viewed as unnecessary. This may also provide an explanation for the variability
seen across studies that do include EI. An exploratory analysis revealed that just under half (n =
5) of the studies that included EI tested naive listeners. It is possible that while HVPT may be
assumed to already be “explicit,” when used with naive listeners, some additional information or
instruction is necessary for directing learners’ attention to the target structures. It may be
presumed that learners with some level of experience with the target language are already aware
of L1-L2 differences or L2 contrasts, and EI paired with HVPT is viewed as superfluous.

Nevertheless, given the evidence in support of EI and evidence now showing the presence of EI
usage in HVPT studies (although infrequent), further direct investigation of their interaction is
warranted, specifically of whether and how EI may provide added benefit to HVPT. This
systematic review of the literature can act as a foundation for future empirical investigation of
the interaction between EI and HVPT, providing information about potential variables to
consider, such as what label is given to EI, what information is included, and how it is delivered
to participants.

The inconsistency with which EI has been referred to and implemented in some HVPT studies
makes it difficult to compare training outcomes between them and presents a challenge for
optimization of HVPT methods. Should benefits for EI paired with HVPT be found in a future
investigation, it is important to make clear how we label EI, what kind of information we include



in it, and how the information is delivered to participants to produce a consistent, validated
method for future research and implementation in language classrooms to follow.
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